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_ TERMINALAREA ENERGYMANAGEMENT

:_.:I REGIME INVESTIGATIONSUTILIZINGAN O.030-SCALE _

_,,_:.>! MODEL (47-0)OF THE SPACE SHUTTLEVEHICLE

it ORBITERCONFIGURATION140A/B/C/RIN THE
" _? I

"i!_i AMES RESEARCHCENTER 11 x 11 FOOT ,,:

•"_' TRANSONICWIND TUNNEL (0A148) ::

by i
:._ P.J. Hawthorne,RockwellInternationalSpace Div,islon

'-'21' ,,!

:_:k:
ABSTRACT i

d

._.. This reportdocumentsdata obtainedin wind tunneltest 0A148.

:!,, The objectivesof the test serieswere to: i

,,_-: l) obtain pressuredistributions,forcesand momentsover the vehicle

;:_ 5 Orbiterin the terminalarea energymanagement(TAEM)and approachphases '

"_' of flight.

!iJ 2) obtainelevonand rudderhinge momentsin the TAEIIand approach

=_,-__: phases of flight.

:_-_._ 3) obtainbody flap and elevonloads for verificationof loads

_-iiiii"j balancingwith integratedpressuredistributions. \
4) obtain pressuredistributionsnear the short OMS poilsin the high _

. subsonic,transonicand low supersonicMach numberregimes.
Testingwas conductedover a Mach number range from O.6 to 1.4 with

:_'i':" Reynoldsnumbervariationsfrom 4.57 x I06 to 2.74 x I06 per foot. Model

anole-of-attackwas variedfrom -4 to 16 degreesand anglesof side slip :Jl

rangedfrom -8 to 8 degrees.

_ iii |_I:':o:o
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NOMENCLATURE ,i

Plot ! _i
Symbol _ Definition

Ab AB total Orbiter base area, ft 2 +_

At At area over which Pt acts, ft 2

Asb ASB speed brake base area, ft 2

., b BREF, BW Orbiter wtng span, in

_ bv BV vertical tatl reference span, in

CAu CAU Orbiter uncorrected axial force coefficient

CA CA Orbiter axial force coefficient with sting
cavity adjusted to average base pressure

CAF CAF Orbiter forebody axial force coefficient.

CAsc CASC Orbiter sting cavity axial force coefficient.

' CDu CDU Orbiter uncorrected drag coefficient

Chbf CHBF body flap hinge momentcoefficient, about
hinge ltne Xo = 1532.0

Chet CHEI inner elevon hinge momentcoefficient, about
hinge line Xo = 1387.0

Che° CHEO outer elevon hinge momentcoefficient, abouthinge line Xo = 1387.0

: CHeToT CHETOT total right elevon hinge momentcoefficient ,

CLu CLU Orbiter uncorrected li t+ coefficient

C& CBL Orbtter rolling moment coefficient, body
axts system

i,

P 5
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NOMENCLATURE(Conttnued)

Plot
S_mbo1 _ Deft nt tt on

Cm CLM Orbiter pitching momentcoefficient with
sting cavity adjusted to average base pressure,
referenced to Orbiter MRC.

Cmu CLMU Orbiter uncorrected pitching momentcoefficient

CmF CLMF Orbiter forebody pitching momentcoefficientreferenced to orbiter MRC.

Cmsc CLMSC Orbiter sting cavity pitching momentcoefficient,referenced to Orbiter HRC

CNu CNU Orbiter uncorrected normal force coefficient

CN CN Orbiter normal force coefficient with sting
cavity adjusted to average base pressure

CNF CNF Orbiter forebody normal force coefficient

CNsc CNSC Orbiter sting cavity normal force coefficient

Cn CYN Orbiter yawing momentcoefficient, body axis system

Cpt CPt surface tap pressure coefficient, port t,
(Pt- P=)/q

Cy CY Orbiter side force coefficient

C[x][y] C[X][Y] base area force and moment coefficients.The first subscript (post fix) _estgnates the
type of coefficient, the second the pressure
tap and it's associated area. The symbolic
vectors IX] and [Y] are defined below.

[x]=
A A axial force
N N normal force i
Y Y side force
m LM pitching moment
n YN yawingmoment

BL rollingmoment
I;6

1'i
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_'; NOHENCLATURE(Continued)

Plot
S.zmbo_! Definition

[Y]"

1,2,3 1,2,3 areas associated wtth pressure taps
4,5,6 4,5,6 1 through 6 see figure 2b
sc $C sting cavity area
bf BF upper body flap a_ea

J ,

1b LB Orbiter reference body length, ]HL nose
to Xo = 1528.3, in.

_REF LREF longitudinal reference length, O_bttermean
aerodynamic chord, in

_ LU/DU uncorrected ltft to drag Patio, CLU/CDU

H HACH freestream Math number
! r

PHI angular cylindrical coordinate position
around Orbiter body - deg.

Pt PI pressure at surface tap t, PSF
i

P= P freestream static pressure, PSF

PL PT freestream total pressure, PSF

q Q freestream dynamic pressure, PSF

RN/L unit Reynolds number, mtilion per foot

S SREF wing reference area, ft 2 _

Tt TTR freestream total temperature, °R !

Xcp XCP/L center of pressure locatton referred to 1b

Xc/Lo X/LB longitudinal locatton of body surface, !
: fraction of body length 1

I

'_ 4_

,_, 7

'i •
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NOMENCLATURE(Concluded)

Plot
_l _ Deft nt tt on

X/C X/CW chordwtse location on wing surface,
fraction of local chord '

X/Cv X/CV chordwtse location on vertical tail,
fraction of local chord

nv Z/BV spanwtse location on vertical tail,
fraction of vertical tat] span

n 2Y/BW spanwise location on wing, fraction
of semi span

Xmrp XRRP longitudinal location of moment reference point

XT XT longitudinalmoment transferdistancefrom
_-". Orbiterbalancecenter to OrbiterMRC, in

-, Ymrp YMRP laterallocationof moment referencepoint

ZT ZT verticalmoment transferdistancefrom
. Orbiterbalancecenter to OrbiterMRC, in

_ ALPHA angle of attack, degrees

BETA angle of sideslip, degrees

,_ 6bf BDFLAP body flap deflection, degrees

ELVN-L, leftelevon deflection,degrees _
-_ 6eL L-ELVN . _ ;

i

_:" 6eR R-ELvNELVN'R'rightelevon deflection,degrees )_ _i

_i _r RUDDER rudderdeflection,degrees

i_" 6sb SPDBRK speed brake deflection, degrees _

Zmrp ZMRP verticallocationof moment referencepoint .,I
$$ maskcharacter used to indicate all :: .

possiblevaluesfor this test Ol through85
!

-I_
• _;
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REMARKS :_

During the course of the test it was necessary to replumb the scan!-

: valves. The resultant time loss necessitated delettng the priority 4 runs

: which incorporatedthe use of the metric vertlcaltall.

: Data obtained from pressure taps 184, 296 and 347 are suspect due to

slow leaks noticed whtle leak checking Individual model pressure taps.

Body flap hinge momentdata for datasets RE80Ol through RE8n05 have

a -15%drlftwhlle datasetsRE8006and RE80O7have a +10%_"':' .- to aa_J
{

" recordingsystemerrors. Systemchecksduringthe , _.inderof the test

indicatea systemerror of less than4% for body flap hingemoment data.

; Ro111ngmoment data has an approximate-.003 bias in the coefficient.

Ti._reasonfor thiswas not determined,but possiblesourcesare fabrication

" tolerancesand/or differentialstiffnessof the left and right elevon

panels.

Distortionof the instrumentedelevonshaft appearsto have occurred

around run 310 due to model assemblydifficultiesand the maximumloads en-

counteredat these test conditions. A comparisonof me,:_uredelevonde-

flectionbeforeand after the testwith the nominalsettingis presented

below:

ElevonPanel Nomlnal Pre-Test Post-Test

4 -3° 34' -2° 55'
Inboardright +0° 10' +I° 02'

. 4 +4° 26' +4° 28'
"_ 10 +10032' +10039 '

°- -3° 34' "2° 20'
Outboard right +O° 10' _ +1u 05'

+4° 26' +3° 59'
0 +10032' +10018'

" * Inboardonly was measuredbut was the same as outboardpanel(seeRef 2)

00000001-TSA14
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CONFIGURATIONINVESTIGATED !

The Rock,:_ellInternationalmodel 47-0 Space ShuttleOrbiterVehlcle

was utilizedin this test series. The model was originiallyconstructed

to -140A/Blines,but was modifiedprior to this testwith the addition _i

of the -140C OMS pods, six inchbevelledinterpanelelevon gaps and un- I

coveredRCS forwardthrustorparts. To denotethese additions,the addl- i

tionaldesignations"¢" (for -140C OMS pods) and "R" (forRCS thrustors) '4
'/ ,!
1

_ were added,and the slashesdeletedfor convenienceon Table II(designated i!

"-140 ABCR"). ;
'E

In data sets RE806gto 085 the RCS thrustorports in the nose were ;_
iC ;

filledrevertingthe configurationto -140A/B/Cmodifiedwith body B26.

The followingnomenclaturedenotesthe model components:

Component Description

B26 140A/B fuselage(VL70-OOOI4OA,VL7OOOOI4OB) ii

140A/Bfuselage(VL70-OOOI4OA,VL70-000145,VL70-OOOI4OB, _:
B70 VLlO-OOOI43A,VL70-OOOI3g)with RCS thrustorparts (VL70-

08501,VL70-08502,VL70-08296) ,:
:i

C9 140A/Bbasic canopy (VL70-OOOI4OA,VLTO-OOOI43A)

E44 140;C/Belevons (VL70-O00200,VL70-006089,VLTO-OO6092)
with six inch bevelledinterpanelgaps,no flipperdoor

Fg 140A/Bbody flap (VL70-OOOI4OB,VL70-O00200) _

M16 OMS-RCSpods for 140C Orbiter

N28 OMS basicnozzles

R5 basic Orbiter rudder (VLTO-OOO146A,VL70-000095)

V8 basic Orbiterverticaltall (VLIO-OOOI4OA,VLlO-OOOI46A)

Wll6 basic 140AIBwing (VL70-OOOI4OB,VL70-O00200)

lo
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._! CONFIGURATIONSINVESTIGATED(Concluded)

,,"_ Designated configurations are:
:!

:'_: -140ABCR= B70C9 E44 F9 t.I16N28R5 V8 Nl16
'i

i, -14.0ABC--"B26Cg E44 F9 M16N28R5 V8 Wll6

1.
f!
h

i:
i'
;

i
!.

I

i
L

[

I.

L
(:

:

i
i:

I

i
1'
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- TEST FACILITY DESCRIPTION

The AmesResearch Center Unitary Plan 11- by 11-Foot Transonic Wind l
Tunnel is a closed-circuit, air-medium, variable-density facility capable 1

of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbers from 1.7 x

106/ft to 9.4 x lO6/ft. The test section is 22 feet long, and models are

Installed on internal strain-gauge balances mounted to sting-type support

_ _ systems.

Shadowgraphand Schlteren photographic equipment tsavatlL)le, and

._ pressure transducer instrumentation is provided.

, Tunnel operating temperature is 580°R. Extended high Reynolds number

runs are restrictedby power avallablllty.

:i

• il

.! !!

LI
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DATAREDUCTION

iit,
Standard NASA/AmeSdata. reduction equations were used to reduce _' l

._ forces, moments, and pressures to coefficient form. Orbiter main balance _
'4 ,

:_ force and momentcoefficients were computed'using the following equations: ,, i
3:'

Symbol Orbitermain balancemeasurement '_

AF Axial Force _

_" PM PitchingMoment _:_
:" YM YawingMoment , .:;

SF Side Force "
_ RM Ro111ngMoment J

CAu = AF / (q S) r_u = CNu COS _ -CAu sin _ _,

CNu= NF / (q S) CDu= CNusln _+CAu cos a !_)

: Cy = SF / (q S) _;,.!

/,

CA • ZT CN • XTPM
= -- + :,

Cmu qS--_ c C

•"' C_ = _RM + Cy b ZT MomentTransferDistances _.._"
_. XT = 0.572 in. ,

Cn = Yq-_b Cy • XT YT = 0 .:,,
- b ZT = 0.450 in.

The MomentReferenceCenterabout which the data was reducedis _,

located at

Orbiter (Full Scale)

Xo 1076.68
Yo 0
Zo 375. O0

Balance coefficients were grouped into datasets RE8055.

_j, 13
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DATAREDUCTION(Continued) ,
,T

Hinge moments and hinge moment coefficients were computed using the

: fol 1owlng equations: ':i

Elevon hinge moments(inboard and outboard).

'- HMeI = (HMI-NM2)(MI/DI)+ HMI i!

_ HMeo = (HM3-HM4) (M3/D3) + HM3 _

_c where ?'

:_ HMi = measuredmomenton strain gage i :

. D1 = distance between gages 1 and 2, .49335 in. /',

_.. D3 = distance between gages 3 and 4, .45800 in. i,!

• M1 = moment transferdistancefor inboardelevon,.93825in.
i!

•i M3 = moment transferdistancefor outboardelevon,.92250in. i

:. _ Elevonhinge moment coefficients

CHeIi) , Inboard, = HMeI / (q Se Ce) /_
• ii

CHeo / (q Se re) .'.
". Outboard, = HMe° _,

' Tota1 = + '_
' CHeToT CHeI CHeo :

Se = elevon referencearea, 0.189ft.2 !

•. ce = elevon referenceMAC, 2.721 in. _

Body flap hingemoment coefficient
;1_-" t
I_ o, !.

; ,, CHbf = HMbfI (q Sbf Cbf)

)).' HMbf = mileasuredbody flap hinge moment _:i

)]:" Sbf = body flap referencearea, 0.12834 ft._

I;
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DATAREDUCTION(Continued)

Cbf = body f!ap reference MAC, 2.541 in.

, Hinge moment coefficientsare part of datasetsRE8X$$.

Pressurecoefficientsfor a11 model orificepressuremeasurements |

were computedusing this equation: r_

!L = (Pi " P®)/q
i: CPI

where PI = pressureat model orificeI i_)

P® = tunnelstaticpressure i:)

q = tunnel dynamicpressure '"

;. Other data reductionconstantsInclude:

i_ S - wing referencearea, 2.4210 ft.2 1
c = wing referencechord, 14.2443in. _

b = wing referencespan, 28.1004in.

After the data had been reducedto coefficientform by NASA/AMES,DMS ;J:

interpolatedit to nominal='s and 8's. Then 2 types of base and sting :_

cavityarea coefficientswere calculated. When they are applied3 types il

of balancecoefficientdata exists. These can be distinguishedby the

lastsubscript(symbolicname) or postfix (mnemonicname). The key is

given below '_
)

U " uncorPectedcoefficlents. )

- coefficientswith sting cavity pressurecorrectedto
base pressure(withouta suffix).

F ° forebodycoefficientswith the base area pressure
correctedto freestreampressure.

,, 15
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:i DATAREDUCTION(Continued)
i'

Only the correction coefficients associated with base pressure tapes 1

through 4 were applied to the longitudinal orbiter coefficients.

Figure 2b illustrates the base area associated with each pressure i

tap. Alphabetic characters bf and sc designate body flap and sting cavity

i areas, respectively. Base area coefficient nameshave a numeric character

_ which designates the pressure tap number. Base coefficients for vertical

tall areas 5 and 6 were ca]culated but not applied to the total orbiter
c.

..: coefficients. Base area coefficient values are tabulated tn the appendix.

A detailed derivation of these coefficients follows. It is concluded byt

;: a matrix of base area geometricproperties.
L _

_ The orbiter sting cavity force and moment coefficients were computed
:

as:

• CAsc = (Cp2 - Cp1) A1S

: (Cp2 - Cp1) A1 tan 12.55°
CNsc = S

Z t Xsc
Cmsc = CAsc-_--- CNsc---_-

The orbiterforceand momentcoefficientscorrectedfor the differ-

ence between balance cavity pressure and orbiter base pressure:
d

CA = CAu - CAsc

CN = CNu - CNsc

Cm = Cmu- Cmsc

These orbitercoefficientsare part of datasetsKE8055.

16

V".-.-.T,o,__,%o;._.
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DATAREDUCTION(Continued) :_
f

Orbiter base force and momentcoefficients were calculated as follOws:

Upper base area

CN2u = -(Cp2 A2u tan 16°)/S ::_
i

CA2u = -(Cp2 A2u)/S ._

Cm2u = CA2u Z2u . CN2uX2uC C _'

Lower base area

CN2_ = -(Cp2 A2g tan 10°)IS

, CA2_= -(Cp2 A2_)/S

Z2_. X2_
Cm2_ = CA2_ T CN2_ T

Total base area, A2

CN2 = CN2u + CN2_ ,q

CA2 = CA2u + CA2_ •

Cm2 = Cm2u + Cm2_

0MS pod base area, A3 !

(Thisassumesthe surfaceis perpendicularto the orbiterX-axis)

CA3 = .(Cp3 A3)/S /!i

Z3
Cm3 = CA3 T

OMSpod base area, A4 i

(Thisassumesthe surfaceis perpendicularto the orbiterX-axis)

,, 17

...... . ......,:-_.:_:_._;,_o_.'
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DATA REDUCTION(Continued)

CA4 = -(Cp4 A4)/S

Cm4 = CA4
4

Coefficients for the above areas are grouped into datasets EE8D$$.

,! Upper surface of body flap

.. -Cpbf Abf sin (6bf + 6.88 ° ):: CAbf = S

-CPbf Abf
CNbf = S cos (abf + 6.8B ° )

CAbf Zbf CNbf Xbf
Cmbf= c c

where:

%200 + Cp201 + %204 + Cp205
Cpbf = 4

The orbiter force and momentcoefficients adjusted to free stream
pressure (forebody coefficients).

: = - i = 2

," = . CN2+ CNbf_!i CNF CNu
4

; CmF: Cmu-( _ + Cm );_ i : 2 Cmi bf

_ These orbitercoefficientsare part of datasetsKE8055. '
i

,. Verticaltail "undercarriage"area,A5

Top Segment:

:i CN5t : (Cp5 A5t tan 63.75°)/S

_'_",-."_",_"'-':/i_._:-"_o;Ik.;:-.'_..__' " ._:o'-__: .__o_"..,_ ~ ,...... _o " ,.:- " _..', _- , " .._:P.,; _ " _',........ _ ;_.x ,_,_, _ ,-_.=--._ o_:-,__;., ,- ,,,.-.. .:'...... "...... _-_,-_;_.:_,J-_.--__-__.,_-_..---_:_',',,_,.'...:o
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.: DATAREDUCTION )nttnued) '_'3; •

,; CA5t -. (Cp5ASt)/S

CmSt" CA5t-_-" CNSt c :i!;
.!

Htddle Segment: !i}

CN5m - (Cp5A5mtan 26.14260)/5 ;!CASm= " (Cp5ASm)/S ii

Zsm Xsm ,,:
Cm5m = CA5m-_- - CN5m -_-

BottomSegment:

CN5b= (Cp5A5b tan 21.94°)/S .!

CASb = . (Cp5A5b)/S

Cm5b = CA5b Zsb. CNSb Xs___b
C C

Total area, A5:

CN5 = CN5t + CN5m+ CN5b

CA5 = CA5t + CA5m+ CA5b

CH5 = Crest+ Cmsm+_5b :!
!
4

Vertical Tatl basearea, AS: /_
Segmentaboverudder :_:

i: CNSu= (CpSA6u tan 63.750)/S

' CASu= (Cp6A6u)/S iZSu . XSu

:" CmSu" CA6u-_- CNSu_ 1

l,el. .
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_ DATAREDUCTION(Continued)

I i ..i i:
1'

(... Rudder/Speed brake base:

[_ CA6z = Cp6 A6,z [sin (e-55.1667 °) cos 55.1667"

I + cos (e -55.1667 °) sin 55.1667° cos (ar)]/S

CN6z = Cp6 A6. ¢ [sin (e - 55.1667°) sin 55.1667° il
!'.

ii:

..... cos (e-55.1667 °) cos 55.1667 ° cos (6r)]/S

)! Cy6¢ = Cp6 A6-z cos (e -55.1667 °) sin _r/S

: Cm6z= [CA6_ (Z6_) - CN6 (X6¢)]Ic _i:

C_6z = [Cy6_ (Zg_)]/b :I

,, Cn6_ = -[CY6 (X6_)]Ib i

e = tan-l 3.797715 '82m5 cos ii
¢

A6Z _A6i = /sin o

Total area, A6:

CA6= CA6u + CA6_

, CN6 = CN6u + CNgz

; , CY6 = CY6z

Cm6 = Cm6u + Cm6_

C_6 = C_6_

!; Cn6 = Cn6z

r;
Vertical tail area coefficient data are grouped into datasets GE8D$$.

I: 2o

,}

.....O0000001-TSBll



[

• " DATAREDUCTION(Conttnue¢l)

_, 21
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:: DATAREDUCTION(Continued)

6_sb- A6¢ ft P

0 0.0066036
25 0.0456000
35 0.0621000
5S 0.0950800
85 0.1561400

X6¢ = 15.045 + 1.442277 [1-cos (6sb/2)]

Z6_ = 9.755 + 0.501827 [1-cos (6sb/2)]

Standard DHSloads cycle test procedures were used to process the

0A148 pressure data. First numerouspressure distribution plots were

released. AnalySis of these produced bad pressure data list. This list

is reproduced below:

• 22 _ '

2.._ +

2

.... ,_ . ...;:
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*' DATAREDUCTZON(Continued)
/
,; f

' i

.: ' 0A148BadPressure Data

"t/ : !

Dataset Tap !_
Compone,nt .. NO. _ £ _ 3

:, ' Fuselage I, 143 4 -4 41
: (B) 1 148 4 -4

1 150 4 -4 i
,:- 1 152 4 -4 I
:" _ 1 186 4 -4 !

1 187 4 -4
1 189 4 -4 "_

:. 1 1gl 4 -4 ._

_.;:" 1 193 4 -4 t
: Lower Wtng 1 * 7 231 ALL ALL

:-"" (L) 1 _ 85 290 ALL ALL
1 316 4 -4

i_._ 1 317 4 -4
1 337 4 -4

_',_ 1 338 4 -4
_(_ I 358 4 -4
_-_'" I 378 4 -4
_:: 1 379 4 -4
_; ,: 1 398 4 -4

N: : UpperWlng 1 * 7 247 ALL ALL
-i! ' (U) I 357 4 -4

% ._ BodyFlap (F) 24 205 -4 12

):l:; _: SpeedBrake (K) 1 * 85 822 ALL ALL

li i Verttcal Tat1 8 443 ALL ALL

(V) ALL 1444 ALL ALL
79 1453 -4 -4
79 1454 -4 -4

;: Note: Wtndtunnel pressure data tabulated tn the appendtx
:_: have the ortgtnal bad data values.

: r '.. , "@
: "' ' I'

......... O0000001-TSB1-4



! /

": DATAREDUCTION(Contlnued) _i!_4
:_ These points were eliminated from further processing. The remaining data

:" were Interpolated to nominal alpha and beta values. Processing was com- i i

• pleted wtth the release of a magnetic tape containing the final tnterpo- i_

:_ lated pressure coefficients. _
i'?,

Thts report contains plots and tabular ltsttngs for both force and ,,

; pressure data. Plotted force data tllustretes lateral-directional, longt- _!_

tudtnal and hinge momentcharacteristics of the conftguretton tested, tI

: Plotted pressure data Illustrates the effect of several control deflec- i
I

ttons and attitude changes on local pressure distributions. The multtple

volume appendtx contains a tabulated listing of the bastc force and pres- ,:

sure data. Ltsttng of the Interpolated base area coefficients ts also :_

::: included. The plotted and tabulated data are arranged tn the following :i

maener:

VOLUME i:i
,.... NO. CONTENTS .,

1 Force data plots showtng lateral-directional
) L' :_:

longltudlnal and htnge momentcharectertsttcs. _

2 Plots illustrating the effect of control surface ,:'

deflections on fuselage, wtng and verttcal tatl '

pressure distributions. ,

, }i

24 :i
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. DATAREDUCTION(Concluded)
" ]

VOLUME
NO. CONTENTS

;' 3 Tabulated Force Data .;,

_" Dataset Data type

_... RE8055 source balance coefficients

:, RE8X$$ sourcehtnge momentcoefficients ;

::l'_ _8Y$$ source base pressure coefficients ,
.!

KE8055 Interpolated balance coefficients
adjusted for cavlty pressure and
forebody coefficients

EE8D$$ Interpolated baseand cavtty area
' FE8D$$ coefficients

GE8D$$ Interpolated verttcal tall base
area coefficients

:" Tabulated Pressure Data

_.:. Fourth
Component Chpr,acter* Page

, 4, 5 orbtter fuselage B I

6,7,8 lower wtng L 1271

:"; 9,1O,11 upper wtng U 3147

12 upper body flap F 5405 /
12 lower body flap G 5774

13 speedbrake K 6143
13 verttcal tat 1 V 6547

* The fourth character tn eachdataset Identifier (t.e., XESB_XX,B for
,_ Fuselage) represents the Individual component.

_' 25i:
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TABLEI

_T I

,. J DATE: M.197
TESTCONDITIONS

REYNOLDSNUMBER DYNAMICPRESSURESTAGNATIONTEMPERATURE __"i
MACHNUMBER (perfoot ) (pounds/sq.inch) .._ (deiPees,Fahrenheit) _

i

:_ 0.6(1 4.57 x 106 4_16(S 120 _i!,,

(}.gO 3.41 x 1(}6 4.166 ]20 ':i

1.1n 3.0g x 1(}6 4,15(_ 12;0 ;_ill i

1 _ ,_.n_ _ In6 4,16_ 120 ,:!
1,4N 2.74 _ In 6 , 4,]66 ' 120 i

L I ,'

L I 'i
2"

"I

i i i iiiii i 'd

BALANCEUTILIZED: ARC Task._MKX_ A

COEFFICIENT
CAPACITY: ACCURACY: TOLERANCE:

NF ,3000 Ibf/gage -,

SF 1500 Ibf/.qage

i; AF

PM .,_ZJ.O.O_Q..19_Ibf

RM 4000 In-lbf

_:_:! YM . I0_500 In-lbf ,,, • _,

COMMENTS:Maximumnormaland side force dependentupon point of
application

27
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,, TABLEI I !

MODELDIMENSIONALDATA [ .

MODELCOMPONENT: gol)_' - g2_

GENERALDESCRIPTION:. COlltimn'ation ]._OA/_ nr,h'tt.,-,, e',,,,,,l=_,

N_)T_:.. B2_ is identlc&lto B,.,exceot undePsldeof fuse1_aeher b_QZL."

. refaired to accept W__!/._. , ,.

MODEL S_ALE: 0.030 MODEL DRAWING. SS-AQO]_7.RaIAAn,,12

DRAWINGNUMBER' , VLTO-.C_'hL_R; --,w_n...nnn_n=; .._ng. _rye!j:5 -
VLTO-OOOIkOA,-O001kO§

, DI_,ENSIONS: FULL SCALE MODELSCALE

Length (CML: Fwd Sta. X0 "235),In.1273.j 38.799
Length (IML: PwdSt,a X ,=2_8),Tn_ 1290.3 38.70_

:" MaxWidth(_ X0 = 1528.3), In. _ "/.q2o
i

r Max Depth(_ XO = lk6&), In. 250.0 7.5OQ

i •

i-, FinenessRatio 0.26/, 0.26/,

Area - ,,

_! Max. Cross-Sectional 3hO.88 0.3068 •

:;. Planform
[i:

:: Wetted ,,
e

;." Bose
r

i ,
L,

_l_ 34
]!, .,

' .'::/ :"- '._.: .:,:,-_'_--"--_""_" 7._'-'_:,:'_--_ "_''_'-_-_-_'_:--_-_:_'-_''_''_ ......... "':': "7_"- ..... . _ " : "".... ""-, .... :" -_ .... ": ":--': ":::- "::" '"" " ; "':, __ : ,. /'i
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MODELCOMPONENT: (:AN.oP¥- c; _ _

GENERALDESCRIPTION',_ _on.et_lrat, ton _A. C_neey used__dth fuaelue

BO£. _ ......

I

;., l Im I !

_ODEL$CA,_; 0.0_0,, RnD_,DWC.= _S--AO01/_?t Rele&se 12

DRAWINGNUMBER" _VL?O_-QOO1/,3A• lUl I m u | i

DIMENSIONS: FULL SCALE MODELSCALE

Length (XO-,_3k.6k3 to 5'78), In. _

MaxWidth (@ Xo- 513.'12'7), In .... 1.52.412 , _.._72, ,

Max Depth (@ X0 " h85.0), In. 2_+OU 0.750 ,

FinenessRatio - .,

Area +, j ,

Max.Cross-Sectional _

Planform ...........

Wetted "
+0

Bose .......... ++i

.!

$
_I,:P+It,+_J+)I+)C]Iil],]TYI+)Z"!,t+l_

•i+++Y...............................................

UUUUUUUI l_._.al,,.)



4 •

• T_SLEIII (Cont'd)

: _ODEL COMPONENT _IJ_/ON- _jj ....

GENERAL DESCRIPTION _ 6.0 In, F.S, _&los llehined tr,+,_ E^, eleven,
ir._,J |

_Flipper doors centerb_ynieces= and ttpseala are nut simulated. - j

(Data are for one of two aides. )

M____ou_SCA_=0.0;)0 ....

DRAWINGNUMBER ......

DIMENSIONS FULL SCALE MODELSCALE

Area - ];%2 210.0 0.189
J i

Span (equivalent) , In. 31,9.2 i0._76 ......

Inb'd equivalent chord, In. 118.0 .3.5_, ,

Outb'd equivalent chord , In. _ 1.656

Ratio _ovable surface chord/
° total surface chord .......

" At Inb'd equiv, chord . 0,20_6 ...... 0.2096

At Outb'd equiv, chard 0./_00/_ O.bO0/_

i SweepBack Angles, degrees

Leading Edge .0..00 0.00

Tratl,ng Edge "==,],_mJ_/_ - 10.056

Hingelme 0.0 0.0
(Product at" Area _ _)_

=. Area Moment(_e) ,Ft_1587"25 0.0_29

-' Mean Aerodynamic Chord, Tn. 90.7 2.721

37
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_"_. TAB_ HI (Cont,'cl)

MODELCOMPONENT:_ _BOD_/FLAP- F'_ , i
/:

GENERALDESCRIPTION: Configure,t,ion ]J,OA/R :
• iii i_

im | m

' _MODEL SCALE: 0.0_0 , , ,

DRAWINGNUMBER' _ VL70"OOO]_OBr,.000200

DIMENSIONS: FULL SCALE MODELSCALE

Length (Chord), In. 8_.7 , 2. _1

MaxWidth, In. 262.308 7.869

MaxDepth, In. 23.00 0.690

FinenessRatio

Area - Pt,2

Max. Cross-Sectional

Planform ].k2.60 O.128

Wetted

Base _1.90 0.03'7'7

[;
3B
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_ TABLE III (Cont*d)

MODEL COMPONENT :, o_ POD- MI6

GENERAL DESCRIPTION ' ConttP_r&tion ]J,QC orbiter OMSpod - sh9rt, .rid.

_ternal contour is to referenced dr_wlr_s with _'2" added to i_ulAte

,TP3.

MODEL SCALE: 0.015

DRAWING NUMBER _70-008_01. -00841Q

DIMENSIONS : FULL SCALE MODEL SCALE

Length (OMS Pwd 3ta X0 --1310.5),lqA.2.5_a._Q.___ 7.75_

: Max Width (@ XO =" 1511), In. 13_,8 _.i0_

Max Depth (@ X0 " 1511), In. ?/_.?0 2.2A1

Finen,_ssRatio 2.48/_ , 2./t84

Area - /%2 i

Max. Cross-Sectional _8.86_ , 0.05.3

Planform
L I

Wetted

Base

.I
39
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TAB]'_III (Cont,d)
OMS I

MODEL COMPONENT: _ NOZ'I_G - N2_
i

GENEraL DESCRIPTION: __ Configuration l_Q___slea_ ......

MODEL SCALE: O.030

DR,_NG NUMB_: VL?O-OOOI4OA (Lo_tlon), SS-AOOIO6: Re]M-e 9 tCo,£o,_)

DIMENSIONS: FULL SCALE MODEL SCALE

_CH NO.

Length - In.
Gimbal Point to Exit P].ane
Throat to Exit Plane

Diameter - In.
Exit
Throat
Inlet

Area- ft2 _:
Exit
Throat

Gimbal Point (Station) In.
Left Nozzle

Xo 1518.o _ _5.s4
YO - 88.0 __
z0 &92.

Right Nozzles i
_o 1518.o &5._J.
YO 8'8.0

_92.o - _.76q--
Null Po,_ition - 1_.
Left Nozzle

Pitch 15o&9,i I_ 15 .&9 , --

Y_w 12o17, o__

Right Nozzle

Pitch 150&9' l)°A9'
Y_w zaoly,_ _.12o1"I,12..

4O
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_O, TABI"._IIl (Cant'd)

MODELCOMPONENT Rt_DD_;R- R_-
J

GENERAL DESCRIPTION Confi_u_tlon ._tOCorbiter rudder ,(_dgntlc_lto ;'- I

_onfi_uration I_OA/B rudder) .......

MODEL SCALE: O.O,_, . _ _ , 4

DRAWINGNUMBER VL?O.-OOOlh.6B.-000095 ,
2',:

: ,,.as

°" DIMENSIONS FULL SCALE MODELSCALE

I:

'= Area - l_c,2 100.15 . 0.090. '

i::_ Span (eqoivalent) , In. 2OltOO . 6.O_O :

;_ Inb'd equivalent chord, In. _ 91.585 2,.7h8., .

_ Outb'd equivalent chord, In. ,_0,833 1._2,5

f_:_ Ratio movable surface chord/
!,? total surface chord .....

At Inb'd equiv, chotd O.H_ . 0..1_

_; At Outb'd equiv, chord 0._00 0._00
e*'

,,_ SweepBack Angles, degrees ...

Leading Edge _ 3&.83

26.25 26.2.5,rl :: Trailing Edge , .

Hingeline 3&.83 ,,_. 83
(Product of area & _)

Area Moment_ ,Ft__ _

| .:,"

., Mean Aerodyrm_c Chord, In. 73.2 2.196
=.! ".
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TABLE III (Cont'd)

MODELC0MPONE_T:VERTICAL- V8 .

GENERAL DESCRIPTION: ConfiKuration 140C orbiter vertical tail,

..(Identicalto configuration IAOA/B vertical tail.)

MODEL SCALE: O.030

DRA_LNG N_R: _ VLTO-00OIAOC; -OOOIA6B ,

DIMENSIONS: FULL SCALE MODEL SC;_LE '

TOTAL II_TA

_rea (Theo) - Ft 2
m_anfonn _l_.253 0.372

Span (Theo) - In. 315.72 9.h72
_._pect Ratio 1,67_ 1.675 _.-
Rate of Taper _ O.507 O.507 .__
Taper Ratio 0_____ _ O.hO& ....
Sweep-Back Armies, Degreeu.

Leading Edge AS.000 _5,000
Trailing Edge 2--6.25 26'25
0.25 Elemen_ Line _ .__

i Chords:

,. Root (Theo) WP 268.50 .... 8.055 .
Tip (Theo)',m I08.&7 ___
MAC 199.81 5_995_
Fus. Sta.of .25_C _ .._
w.P. of .25 _c __ _._
B.L. of .25 MAC , O.O. O.O

/.IrfoilSect[on
Leadin_ Wed6e :n_le - DeC. i0.0 I0.0 .':
Trailln_ Wedge l:ncle- Deg. IA.?2 _ :
I_adin_ Edge Radiu_ 2.0 ,060---O4

Vold Area 13.17 0.______i_9

Blanketed Area 0.0 O.Q _

42
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- . . TABIZ;Ill(Con1'd) !_

GEI_IERAtDESCRIPTION ConftFurat, ion _. _eO I I I _ _ I I [ J -- 'J:/&

NOTE: Iden,ticaI to WIll:exceot airfoil thlckness. Dihedral an_le is aZomz

trailinK edge of winK. ........ , = , , s, ,i , ,

MODEL SCALE: 0.0_0 ........... _ ml I ,_'

TESTNO, _IG,NO, VLTO-OOOI40A, -000200 _

mMSZONS: FULL-SC E MoDB.SCA E
TOTALDATA _
__eo.) Ft.z

P1anform 2690.00 _ 2./_21 .i
SpanCTheo In. " _ ,'1 m_ ezO J '"_ '

Aspec_Rat4o _ 2.265 ' _
Ra_ of Taper Z.ZTV 1.177 ii
TaperRat.to 0.200 0.200 J
Dihedral Angle, degrees _ 3.500. :i
Incidence Angle, degrees ..... 9,500 O.rW)o '_' i
Aen_ynam_cTwist., degreeS
SweepBackAngles, degrees _ ' _ :i

Lead1ng Edge _ _5.OOO :i
Trailing Edge _ - lO.056 _
0.25 Element.L4ne 35.209 _ ,_

Chords: _ i
Root.(Theo) B.P.O.O. _ _ _ ;iTtp, (Theo) B,P, _ : ,_

Fus. St.a. of .Z5 MAC _ _ ., _i,
w.P. of ,?.5 _ 290.58 ....Ib3J,2..- t
B.L. of ,ZSMAC , _

EXPOSEDDATA 1'_ Are-a--(,The%) Ft.2 1751.50 1.576 '
Span. (Theo) Xn. BPI08 ?20,6q __
Aspect.Rat.to 2.059 _ >J II ,.

Taper Rat.to , 0.2/,5 9. _.5
Chords

Root.BPI08 }_,_.09
Tfp 1.00 b .._ _ _"'/
MAC T 392.83 .I..1..78_
Fus. Sta. of .25 _ _ _

W.P. of o25 MAC _ . _.829 ,B.L. of .25 MAC _ 7- 555 _
Atrfoll Sect,lon (Rocknll _ NASA)

- xxxx-4 °zZ; •
TtD b • 0.120 0.120I I I

""

"" Oa%afor (1) of (2) S_des
LeadingEdgeCuff
p_an,_ormAnna Ft_ zz_. Z8
Leading Edge :ntePsect.sCUSM, t. 0 S_ _ _'_0 ]__n _
t_,_4"_oEd9_. Imter_ec_sWlng@ St.a I_)2_.0....

43
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_0DTFlAP DEFL_"TIONS

Zo " _ST.O

7'o " 153_.

b. Definition of Angular Measurements

' ._ Ftgure 1. - Continued.
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c. Elevon HtngeMomentStgn Convention
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b. BasePressure Taps and Areas

Ftgure 2. - Continued. '_
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_" PRESSURE ORIFICE LOCATION OF LEFT WING PANEL."

i i_' 215

_,.. _...._-212 213• 214• _ 216,

i:- 209 210 211
Y _08-*_*'_---'*"-" 71 = 0. 235 IN (CLOCAL - 981 LN}

= II0

_227

Ii 218 220 ,,228
_221222 223 z24 225 I I / 229Yo_140217- _.__= " -_'--_'[--_/ _ _0.299(cLock- 781_._ j_

/ !i2;3 _.-_5 2_6• 237238|-,,z41
230 232 239240 i

23 246
244 245/ 248 ._, 252 253

242__ _,/255.... (CLocA L - 615 IN, }

256 257 259 _-61 264" 265 or.'7
^_. 2 _ -,,,o 280 _v.
_t_ 7,'>..74 , _o 81

Y = 200 269-- _!-_.._- 296 (CLOCAL - 469 IN, )

o 283_ t_ 219_90/ I _ \
284" i_" 288 _o #921294"_295

285 302 ,-7-. 293 309
2993001 304 306 308/

298 _3__07'/"310 O. 534 LN.
Yo = 250 297 _--*__'_=_ _323"

____ __'_I___ (_,._A,.-_ _.312"--""-'- 317 _ -321

31.__- 3_3_."_33o_._....335
Yo = 338 337- 341 343 345 (CLocA L - 318 IN, ) ;

349 350 35 I'_55__55_357 _ = 0,.780 IN,
Yo = 365 348 "_T_"358- 362363-366 (CLocAL-258IN.}

36_6_370371,.,3723743_6 =,_ 0.887_N.

= 415 367 :-'_ 386 (CLocA L
J* _0 IN.)

= O.972 IN.

Y = 455 _"_'_-_-_a_"_a_"_ '-i'_' "

o 395,//_J._,X'_IO1' (CLOCAL - 1_8IN.} ,9_.4o0

WING TIP _4 _} = 1. O0,402J 05

--ELEVONS 14_FUSELAGE STA 1387

c. Fuselage,VerticalTail, and Wing PressureTap Locations

Figure2. - Continued. _,
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APPENDIX

VOLUME
NO. CONTENTS PAGES

3 TABULATEDFORCE DATA 1-723

TABULATEDPRESSUREDATA

COMPONENT

4, 5 Orbiterfuselage 1-1270

6, 7, 8 (Note) Lowerwing 1271-3146

9, 10, II (Note) Upper wing 31K17-5404
/

- 12 Upper body flap 5405-5773
12 Lower body flap 5774-6142

13 Speed brake 6143-6546
13 Verticaltail 6547-7114

Note: Data tabulatedat ZY/BW = .673,X/CW = .775, .850, .950& 1.00
were actuallylocatedat 2Y/BW = .641,X/CW - .775,.B50,.950
& 1.00 as shown in Table V on page 47.
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